In this work we analyze the particle creation process of spin-1 particles which have no mass by considering Bianchi-type I cosmological models. We choose two models and solve massless Duffin-Kemmer-Petiau (mDKP) (Photon) equation for these models, and use the Bogoliubov coefficients to relate vacuum state in the asymptotic regions of gravitational background. By using the Bogoliubov transformation technique we calculate the density of created particles.
Introduction
During the last three decades the particle creation in time dependent cosmologies [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11] is a most exciting problem in contemporary theoretical physics. In order to research classical or quantized electromagnetic fields interacting with propagating in externally given curved space-times, it can be counted several reasons. Among these are scattering of electromagnetic waves by black holes, light reflection in gravitational lensing, the observed properties of the microwave background radiation and the productions of photons in the early universe with its potential effect of damping initial anisotropies [12, 13, 14] . This problem has been solved preceded by an article by Lotze [15] . In his article, he investigated the production of photons on the bases of exact as well as approximate solutions of Maxwell's equations in Bianchi-type I universes disregarding the backreaction of the electromagnetic stress-energy tensor on the geometry of space-time.
As it is known quantum field theory in the presence of gravitational fields is, in general, a theory associated with unstable vacua [16] , and this instability leads to many interesting features, among them particle creation is perhaps the most interesting non-perturbative phenomenon. Since the vacuum, which is defined by the solution of field equations, plays an important role in understanding the nature of particle creation, it must be defined carefully. One of the most studied techniques to define vacuum and to compute the density number of particles created is the Bogoliubov transformation technique (BTT). In this technique in and out vacuum states are determined from the solutions of relativistic wave equations using a particular choice of time. Then the vacuum is specified |in, 0 and |out, 0 , and the Bogoliubov mixing transformation is found between them as follow
where α and β are mixing coefficients, and they are related to the density number of particles created [16] In this article, some specific classes of Bianchi-type I geometries with timelike singularities are analyzed from that point of view, in order to identify the vacuum states in the asymptotic regions.
Including general relativity single particle equations, Klein-Gordon (massive and spin-0), Weyl (massless and spin-1/2), Dirac (massive and spin-1/2), Duffin-Kemmer-Petiau (DKP) (massive and spin-1) equations are studied and their solutions have been obtained for many different universes. These equations have been considered mostly in expanding universe [17, 18, 19, 20, 21, 22] , which are the members of the Friedman cosmological models. The Maxwell equations which describe classical electromagnetic waves are also expressed including general relativity and have been solved for many different universes [23, 24, 25, 26] .
At the end of 1930's it was shown [27, 28] that the first-order form of Klein-Gordon and the Proca equations can be represented in a Dirac-like matrix form:
where β matrices satisfy the following relation:
Unlike the other relativistic wave equations for bosons, the Duffin-Kemmer-Petiau (DKP) equation (2) is a first-order equation for spin-0 and spin-1 bosons. During the last few decades there has been an increasing interest in DKP theory; the applications of the DKP theory to QCD have been considered by Gribov [29] . Additionally, it has been used to find covariant Hamiltonian dynamics by Kanatchikov [30] . Recently the DKP equation was made to form to general relativity by Red'kov [31] and Lunardi et al [32] . With the generalization of the DKP equation to the curved spacetime it has become important to investigate the behavior of bosons in curved backgrounds. The formal similarity between the Dirac equation and the DKP equation allows us to solve the DKP equation with the standard techniques used for the Dirac equation.
Obviously the photon can be considered as a particle that obeys the mDKP equation such as the Weyl equation, which is the massless case of the Dirac equation. It was shown that the wave equation of a massless spin-1 particle in flat space time is equivalent to free space Maxwell equations [33] . However, the mDKP equation is important to discuss the wave-particle duality of electromagnetic fields since the particle nature of the electromagnetic field can be analyzed only by a quantum mechanical equation. Furthermore, the mDKP equation removes the unavoidable usage of the 3+1 spacetime splitting formalism for the Maxwell equations. The covariant form of the DKP equation is given by
are the Kemmer matrices in curved space time and they are related to flat Minkowski spacetime as
with a tedrad frame that satisfies
The covariant derivative in equation (4) is
with spinorial connections which can be written as
where
It was shown that in the massless limit of the DKP equation the particle and anti-particle are identical and mass eigenvalue gives zero [33] . Therefore, the spin-1 equation reduces to 4 × 4 the massless DKP equation as follows
with σ µ (x) = (I, − → σ (x)) and ( − → σ (x ) : Pauli matrices)
where spinorial connections Σ µ are given with the limit γ µ → σ µ as
As an application of mDKP equation there are many solved problems in different spacetimes [34, 35, 36, 37, 38, 39] .
The organization of this article is as follows: In section II, we analyze the Photon equation in the background of the Bianchi-I Type space-time. Then in section III, we investigate particle creation process for some classes of Bianchitype I cosmological models. Finally in section IV, we give briefly conclusions to the study.
The Photon Equation in the Background of the Bianchi-I Type Space-time
The line element of the Bianchi-I space time is
The metric is given in terms of e µ (a) tetrads, which satisfies the relation between flat and curved space-time, as below:
where η (a)(b) is the Minkowskian metric. For the line element given by equation (14) the suitably tetrads are selected as:
Using Christoffel symbols which are given by
the spinorial connections are found as follows:
where a dot indicates the derivative with respect to t. From the relations in equations (11) and (13), we get
and
we obtain the photon equation as follow:
If the four-component wave function is defined by
the equation (21) is,
From above equations, it is seen that Ψ 2 = Ψ 3 expressly. For the wave function we define a transformation as follow
Then, equations (23, 24, 25, 26) are rewritten as
where U l ( − → x , t) has three components(l = 1, 2, 3).
If the Fourier transformation is used,
the following equations are obtained: 
then we get the equations which satisfy by F l .
The general form of these equations is [15] ;
.
In order to solve equations (38, 39, 40) , one must use the spherical coordinates for suitable symmetry. For this, F l is written in terms of spherical coordinates. The components of k in the spherical coordinates are written:
While the matrix representation is given as
F ε are defined the terms of the components of F l in the spherical coordinates as follow:
Hence we have
The θ and ϕ components of F ε which we denote by F θ , F ϕ respectively, satisfy the following dynamical equations:
is a generalization of the dispersion relation ω 2 = |k| 2 .
Eliminating F ϕ from equations (51, 52) we obtain the second order differentional equation:
..
3 Some Classes of Bianchi-Type I Cosmological Models
The Axisymmetrical Varying Cases

The Inflationary Universe
If the coefficients given in the metric are chosen as below,
in this case λ = 0 and ρ = e Ht , then equation (55) becomes:
Applying the change of variable, e Ht = iH 2k 3 x, we obtain form of the Whittaker equation [40] :
the solution of which is
where k = 0, µ = i( N 2 are normalization coefficients.
The asymptotic behavior for |x| → ∞ [40] W k, µ (x) → e −x/2 x k (60) and x → 0,
with the help of these asymptotic behaviors, the solution of equation (58) is given by;
where N + ∞ and N − ∞ are normalization constants.
Analogously, referring at the solution t = 0, the corresponding negative (-) and positive (+) frequency solutions take the form:
where N − 0 and N + 0 are normalization constants.
By using the relation between M k, µ (x) and W k, µ (x) [40] 
with (−π/2 < argx < 3π/2; 2µ = −1, −2, ...) we have that the negative solution (F θ ) − 0 can be written in terms of (F θ ) − ∞ and [(F θ ) − ∞ ] * as follows:
where we used the property W −k, µ (−x) = [W k,µ (x)] *
The below equation results from the usage of equation (65) and Bogoliubov coefficients [16] ,
From the normalization condition of the wave function, |α| 2 − |β| 2 = 1 and equation (65), we get the density of created particles and the Bose-Einstein distribution of particles,
The Shrinking Universe
The coefficients in to the metric are written for the shrinking universe as follow:
Using these coefficients, equation (55) becomes ..
Defining a new function and a variable
then the Whittaker differential equation form is obtained:
whose solution is given by
where k = 0 and µ = i(k 2 3 − 1) 1/2 . From the condition |α| 2 − |β| 2 = 1 and equation (65), we obtain the density of created particles and the Bose-Einstein distribution as follow |β| 2 |α| 2 = e −π(k 2 3 −1) 1/2 , |β| 2 = 1 e π(k 2 3 −1) 1/2 − 1 (73)
Cases for Varying with One Dimension
The Inflationary Universe
For this universe we have
where λ = 0 and ρ = 1, and equation (55) becomes:
Defining a new variable and a function as below,
we find the following equation which is the form of the Whittaker equation 
where k = 0 and µ = ik 3 . The density of created particles and the Bose-Einstein distribution can be found as |β| 2 |α| 2 = e −πk 3 /H , |β| 2 = 1 e πk 3 /H − 1 (79)
The Shrinking Universe
The metric coefficients for the shrinking universe become By using a new variable, t = i 2k 3 x, the differential equation takes the form of the well known Whittaker equation:
The solution of this equation is
where k = 0 and µ = i(k 2 ⊥ − 1 4 ) 1 2 . The density of created particles and the Bose-Einstein distribution is found as:
respectively.
Conclusion
In this work we analyzed the particle creation process in some classes of anisotropic space-time. After solving the relativistic Photon equation by using the Fourier transformation and separation of variables in the gravitational background, we calculated the density of created particles of spin-1 with no mass which are created under influence of gravitational background by using BTT.
